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For this reason, ever-increasing demands for improvement have 
resulted in the development of both advanced materials and 
their production methods. Therefore, due to the importance of 
the development of advanced functional materials and nano-
materials, the newest Special Section in “BULLETIN OF THE 
POLISH ACADEMY OF SCIENCES” is focused on recent 
trends in customizing and improving their properties, i.e., plas-
tic deformation, mechanical alloying, and applying coatings 
using CVD, PVD and ALD methods. In addition, the study 
contains chapters describing the manufacturing and properties 
of innovative coatings and nanostructures.

This issue also includes a scientific study on modern rapidly 
cooled materials with ferromagnetic properties. An interesting 
and constantly researched material with a septal application is 
titanium and its alloys, on which an extensive study has been 
published.

In the presented study, one can distinguish a part covering 
works in the field of shaping the structure and properties of 
composites and metal materials (especially steel):
●	Particle-reinforced PM 8009Al matrix composites [6]
●	PFA polymer/compressed expanded graphite – matrix com-

posites [7]
●	Silicon nitride/ carbon nanotube composites [8]
●	Mechanisms of plastic deformation light high-manganese 

steels of TRIPLEX type [9]
●	Analysis of the precipitation process of secondary phases 

after long-term aging of the S304H steel [10]
●	Obtaining alloys by the suction method [11]

as well as non-ferrous materials
●	Synthesis of Mg-based alloys with a rare-earth element addi-

tion by mechanical alloying [12]

1. INTRODUCTION
The development of the world economy is closely related to 
modern materials, the properties of which are constantly being 
improved. The reason is that the products obtained must ful-
fil strict requirements and meet several standards. Constant 
changes in the production processes of these materials may 
facilitate regulating their properties during the production pro-
cess itself. In addition, these properties can be improved as 
a result of properly performed refinement.

The most commonly used materials today are various types 
of alloys, polymers, and composites. Particularly interesting 
groups of modern materials are geopolymers [1, 2] or bulk 
amorphous	alloys	[3‒5].

The submitted collection of articles presents a summary of 
the latest knowledge in the field of advanced materials. The 
review covers papers related to the engineering of metal mate-
rials, both steel and non-ferrous metals, as well as thin ceramic 
layers and nanomaterials.

2. MODERN MATERIALS – OBTAINING  
AND CHARACTERIZATION

The currently observed rapid technological development, espe-
cially in the field of electronics, telecommunications, and auto-
motive industry, requires a continuous improvement of solutions 
based on the use of modern materials with improved properties. 
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●	Mechanical alloying of Mg-Zn-Ca-Er alloy [13]
●	Analysis of the structure and properties of titanium alloys 

[14]
Out of all engineering materials, metallic materials are still 

the most popular due to their favorable mechanical, physical, 
chemical properties and the possibility of their improvement in 
many different processing techniques (i.e., mechanical, chemi-
cal, thermal, thermomechanical, laser treatment).

The articles present in detail the methods of modifying the 
chemical composition through precipitation processes as well as 
the effect of hot plastic deformation conditions with different 
cooling variants on the structure of various types of steel or 
magnetic materials or titanium alloys. The paper highlights the 
importance of the process of designing new steels and alloys 
for operation at elevated and high temperatures and magnetic 
materials and titanium alloys.

The growing interest in magnesium alloys in important sec-
tors of the industry that results from their high specific strength, 
machinability, and recyclability is noteworthy. Hence, the list 
includes an article focused on magnesium alloys with a par-
ticular emphasis on Mg-based alloys with a rare-earth element 
addition prepared by mechanical alloying (MA). Such treatment 
led to the achievement of precisely tailored properties, matched 
for specific applications by synthesis and control of the mate-
rial structure, which perfectly fits the definition of advanced 
materials engineering.

The study also includes papers on thin ceramic films and 
nanostructures:
●	 Investigations of TiO2, Ti/TiO2, and Ti/TiO2/Ti/TiO2 coat-

ings produced by ALD and PVD methods on Mg-(Li)-Al-RE 
alloys	substrates	[15].

●	The high-temperature resistance of silicide coated niobium 
[16].

●	Characterization of morphology and optical properties of 
SnO2 nanowires prepared by electrospinning [17].
Nowadays, coatings in the form of thin films are becoming 

more and more popular due to their mechanical, tribological, 
anti-corrosive as well as electrical, optical, and thermal prop-
erties.

The study in the paper describes the layers of the Ti/TiO2 
and Ti/TiO2/Ti/TiO2 deposited by the atomic layer deposi-
tion ALD and MS-PVD magnetron sputtering technique. The 
result of the conducted research proved the high electrochem-
ical properties exhibited by TiO2 layers.

Moreover, the oxidation resistance of the niobium silicide 
coatings deposited with the use of the CVD technique on the 
surfaces of pure niobium was presented.

It should be noted that the study contains a description of the 
latest achievements in the field of advanced materials engineer-
ing, i.e., technology of 1D nanomaterials in the form of SnO2 
nanowires. One-dimensional nanomaterials are characterized by 
favorable optical and electrical properties, combined with good 
thermal and chemical stability, which makes them extremely 
promising from the point of view of the application in modern 
electronics, including optoelectronics and photovoltaics.

Rapid-cooled magnetic materials are other very interesting 
materials that can be used in electronics or electrical engineer-

ing. These types of materials are in constant demand due to 
their unique properties [11]. The change of structure in spe-
cially designed materials as a result of rapid cooling generates 
completely new, unprecedented properties of these materials.

Materials that can be used to directly save human health 
and life deserve special attention. In particular, these are titani-
um-based materials. Due to the excellent biological properties 
in relation to the human body, this type of material deserves 
special attention. In numerous scientific and industrial centers, 
intensive research is carried out on new titanium alloys with 
increasingly improving properties while maintaining their high-
est possible biocompatibility to the human body [14].
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